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Abstract The adsorption properties of the phenol mole­
cule (C6H5OH) upon the outer surfaces of C24, B12P12, 
B12N12, Al12N12, and Al12P12 were investigated using den­
sity functional theory calculations. Our calculations reveal 
that the phenol molecule can be chemisorbed on the side­
walls of Al12N12 and Al12P12 with adsorption energies of ­
1.03 and -0.76 eV, respectively. While the adsorption 
energy of C6H5OH on Al12N12 is typically more than that of 
Al12P12 cluster. We also considered the adsorption of the 
C6H5OH molecule under a strong electric ﬁeld over Al12N12. 
The results indicate that Al12N12 has high sensitivity to the 
phenol molecule in the presence of an electric ﬁeld. 
Keywords Nano-cage · External electric ﬁeld effect · 
Phenol · Chemical sensor 
Introduction 
Phenol (C6H5OH) or carbolic acid is a white crystalline 
solid which ﬁrst extracted from coal tar while it is now 
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produced on a large scale (about 7 billion kg year -1) from 
petroleum. It is known as a key precursor for producing 
different materials including polycarbonates, epoxies, 
Bakelite, nylon, detergents, etc. Moreover, the adsorption of 
phenol is a fundamental set for the start of many catalytic 
reactions, resulting in the formation of a variety of products, 
such as bisphenol, phenolicresins, caprolactam, aniline, and 
alkylphenols. Its nature as a carcinogenic compound and 
high reactivity as a functional group on solid surfaces are 
two compelling reasons for phenol removal. Generally, 
repeated or prolonged exposure to phenolic compounds 
may have corrosive effects on the eyes, the skin, and the 
respiratory tract and may also cause dermatitis, or even 
second and third-degree burns. It can also cause various 
diseases including dysrhythmia, seizures, harmful effects 
on the liver and kidneys, etc. [1–4]. Hence, the phenol 
detection and removing processes are of the utmost 
importance for the human health, industrial, environmental, 
and energy applications [5–12]. The reason we carried out 
this work is not only to understand the adsorption phe­
nomena of phenol upon C24, B12P12, B12N12, Al12N12, and 
Al12P12 but also the impact of an electric ﬁeld on the 
structural and electronic properties of the applied nano­
cages interacted with phenol molecule. Although there are 
numerous studies focusing on the interaction energy and 
structural deformation of both the phenol molecule and 
adsorbents, there is still no report on the adsorption prop­
erties of the phenol molecule on the nano-cages. Some of 
the previous reports are as follows; Myers and Benziger 
have investigated the adsorption of the phenol molecule on 
the Ni (111) surface experimentally [13]. Experimental 
studies done by Xu and Ihm indicated that the O–H bond of 
the phenol can be effectively split on Rh and Pt surfaces [14, 
15]. Theoretical studies by Zhao et al. [10] have shown that 
the OH group of the adsorbed phenol molecule can be split 
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on the SiNNT. Similar studies by Chakarova-Ka¨ck et al. 
[11] have shown that the phenol molecule adsorption on 
graphite (0001) and a-Al2O3 (0001) are energetically 
favorable. Abrams and co-workers have shown that phenol 
adsorption at the bridge site of the Ni (111) surface is the 
most energetically considerable [12]. In addition, they have 
studied the cleavage of O–H bond of phenol in the inter­
action with Ni surfaces [16]. Recently, several reports on 
B12N12, B12P12, and Al12P12, Al12N12 in interactions with 
different molecules are reported [17–21]. In particular, this 
work represents: (a) the adsorption phenomena of a single 
phenol upon C24, B12P12, B12N12, Al12N12, and Al12P12; 
(b) the effect of an external electric ﬁeld on the structural 
and electronic properties of the applied nano-cages. 
Computational methods 
In the present work, we considered the adsorption proper­
ties of the phenol molecule on the perfect C24, B12N12, 
B12P12, Al12N12, and Al12P12 clusters. All the geometrical 
optimizations and energy calculations are performed using 
GAMASS program package [22] at the level of density 
functional theory (DFT) with B3LYP/6-311?G* basis set 
[23]. For full optimization of the applied systems, phenol 
molecule is allowed to move freely across the surface of 
clusters. The adsorption energy (Ea) of phenol molecule on 
the nano-cages is deﬁned as follows: 
Ea ¼ Ecluster�phenol�ðEcluster þ EphenolÞ; ð1Þ 
where Ecluster–phenol are the total energies of the adsorbent 
(phenol molecule) on the surfaces of adsorbents (C24, 
B12N12, B12P12, Al12N12, and Al12P12). Ecluster are the total 
energies of perfect C24, B12N12, B12P12, Al12N12, and 
Al12P12. Ephenol is the total energy of a single phenol. 
Natural bond orbital (NBO) and density of states (DOSs) 
analyses were performed using DFT/B3LYP method with 
6-311?G* basis set. The inﬂuence of the static electric 
ﬁeld on the adsorption, structural, and electronic properties 
of phenol on the individual Al12N12 nano-cage were 
investigated. All the applied systems were fully relaxed and 
all atoms in the adsorbate and adsorbent were allowed to 
move freely during the optimization process. The static 
external electric ﬁeld used separately at the positive X 
direction, which is perpendicular to X plan. The numerical 
values of the static electric ﬁeld strengths in the X direction 
upon the C6H5OH/Al12N12 system is 200 9 10 
-4 a.u. 
(1 a.u. = 514.224 V nm -1) [24]. It is observed that the 
inﬂuence of the static external electric ﬁeld can be included 
by adding a ﬁeld term in the Hamiltonian of the system; 
which has been veriﬁed by Farmanzadeh and Ghazanfary 
[24, 25]. The quantum molecular descriptors for the nano­
cages were determined as follows: 
l ¼ �ðI þ AÞ=2 ð2Þ 
v ¼ �l ð3Þ 
g ¼ ðI�AÞ=2 ð4Þ 
S ¼ 1=2g ð5Þ 
x ¼ ðl2 =2gÞ; ð6Þ 
where I (-EHOMO) is the ionization potential and A (­
ELUMO) is the electron afﬁnity of the molecule. The elec­
tronegativity (v) is determined as the negative of l, where 
l is the chemical potential of a system. Furthermore, 
hardness (g) can be approximated using the Koopmans’ 
theorem. The electrophilicity index (x) as deﬁned by Parr 
et al. is given by Eq. 6 [26–29]. Fermi level (EF) in a  
molecule (at T = 0 K) almost accommodates at the middle 
of the HOMO/LUMO energy gap (Eg). Indeed, what lies in 
the middle of the Eg is the chemical potential, then the 
Fermi level of the considered systems is at the center of the 
Eg when the Fermi level equals to the chemical potential of 
a free gas of electrons [30]. 
Results and discussion 
Adsorption of phenol molecule on the nano-cages 
First, we studied the reaction of a single phenol molecule 
(C6H5OH) on the outer sidewalls of pure C24, B12P12, 
B12N12, Al12N12, and Al12P12 calculating the phenol mol­
ecule adsorption energies on these clusters. Figure 1 
demonstrates the optimized structures of the phenol mol­
ecule adsorbed upon the pure C24 and B12P12 clusters. 
The C–C, B–P, B–N, Al–P, and Al–N bond lengths in the 
perfect C24, B12P12, B12N12, Al12P12, and Al12N12 are 1.49, 
1.93, 1.48, 2.34, and 1.86 A˚ , respectively. The adsorption 
energies in the most stable conﬁgurations of an isolated 
phenol molecule adsorbed upon C24 and B12P12 are about ­
0.06 and -0.09 eV in the models A and B, respectively, 
indicating a weak physical adsorption upon these clusters 
owing to weak van der Waals interaction between the phenol 
and C24 and B12P12 nano-cages [16]. Since the DFT for­
malism employed in this work does not include Van der 
Waals effects, both the adsorption energies and the adsorp­
tion distances are to be considered as tentative. The average 
distances between phenol molecule and clusters are about 
2.62 and 2.66 A˚ , respectively (see Fig. 1). The energies of 
phenol adsorption upon the walls of B12N12, Al12P12, and 
Al12N12 are in the range of -0.43, -0.76, and -1.03 eV in 
the models A, B, and C, respectively. The distance between 
the C6H5OH and the clusters (A, B, and C) are 1.71, 2.03, and 
1.97 A˚ , respectively (Fig. 2), which primarily indicate for 
chemisorption. The results of the adsorption energy reveal 
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Fig. 1 The adsorption models 
and the density of states for 
C6H5OH interacted with a C24 
and b B12P12 nano-cages 
that Al12N12 is energetically more stable than Al12P12 nano­
cage. 
The inﬂuence of the phenol adsorption on Al12N12 and 
Al12P12 results in local structural deformations from sp
2 to 
sp3 at the adsorption sites of nano-cages, where the Al 
atoms of nano-cages are slightly pulled out from the basic 
form. The computed adsorption energy of phenol molecule 
from hydroxyl head onto the wall of Al12N12 is expected to 
be larger in comparison to the phenol adsorption upon the 
surfaces of C24 \ B12P12 \ B12N12 \ Al12P12. Therefore, 
we can deduce that the hydroxyl groups of C6H5OH are 
physisorbed upon the C24 and B12P12 being weakly boun­
ded. In contrast, the phenol molecule onto the B12N12, 
Al12P12, and Al12N12 are chemically bounded, respectively. 
The bond lengths of C–C, B–P, B–N, Al–N, and Al–P are 
increased to 1.50, 1.54, 1.94, 1.91, and 2.39 A˚ , after the 
phenol adsorption on C24, B12P12, B12N12, Al12N12 and 
Al12P12, respectively. The N–B–N, P–B–P, N–Al–N, and 
P–Al–P bond angles of these clusters are changed from 
98.17°, 98.88°, 98.88°, and 94.60° before the adsorption 
processes to 94.12°, 98.61°, 92.50°, and 97.87° after the 
adsorption processes, respectively, preferring sp3 hybrid­
ization. These results indicate a structural deformation due 
to the signiﬁcant changes in properties such as adsorption 
energy, energy gap, and charge transfer. After the adsorp­
tion of phenol on C24, B12P12, B12N12, Al12P12, and 
Al12N12 nano-cages, the O–H bond length of phenol is 
increased from 0.969 A˚ to 0.970, 0.973, 0.974, 0.975, and 
0.986 A˚ , respectively. Larsen et al. [24] have experimen­
tally showed that the O–H bond length of phenol molecule 
is 0.9574 A˚ . This experimental data is in good agreement 
with our study (0.969 A˚ ). 
It is found that the adsorption energy of phenol molecule 
on the nano-cages is increased with the decrease in the O– 
H distance [23]. Baei et al. [10] recently reported the 
adsorption of phenol molecule on the perfect, Ga-, In-
doped (4,4)-BNNT surfaces with adsorption energies of ­
0.19, -1.18, and -0.93 eV, respectively. Chakarova-Ka¨ck 
and co-workers [24] also studied the adsorption of phenol 
on graphite and alumina with adsorption energies about 
˚0.06 and 1.00 eV with the distances of 4.19 and 1.95 A
between two species at the PW91, respectively. Thierfelder 
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Fig. 2 The adsorption 
conﬁgurations and the density 
of states for C6H5OH interacted 
with a B12N12, b Al12P12, and 
c Al12N12 nano-cages 
and co-workers [27] also reported methane adsorption on 
graphene with the adsorption energy about -0.17 eV using 
DFT calculations. Ahmadi and co-workers [21] represent 
that the interactions of BN, AlP, BP, and AlN nanotubes to 
CO molecule are about -0.02, -0.29, -0.31, and ­
0.34 eV at the B3LYP/6-311?G* level of theory, 
respectively. 
To understand the adsorption properties of C6H5OH for 
the most stable conﬁguration in Al12N12, the frontier 
molecular orbital (FMO) is calculated in Fig. 3. The 
highest occupied molecular orbital (HOMO) at the valence 
bond of phenol/Al12N12 complex is located more upon the 
nitrogen atom of cluster with energy about -6.06 eV, 
while the lowest unoccupied molecular orbital (LUMO) at 
the conduction bond of phenol/Al12N12 complex is located 
more onto the Aland N atoms of cluster and is slightly on 
the oxygen atom of phenol molecule with energy about ­
2.17 eV. 
Al12N12 is a wide energy gap semiconductor with an 
energy gap of 3.85 eV, represents good dielectric proper­
ties, high thermal conductivity, and low thermal expansion 
coefﬁcient [9]. The energy gap (Eg) of Al12N12/C6H5OH is 
declined from 3.85 to 3.81 eV, as shown in Table 2. The 
DOS analysis shows that the phenol adsorption has not 
signiﬁcant effect upon the electronic property of Al12N12 
nano-cage. 
NBO analysis for the Al12N12/C6H5OH complex indi­
cates that the net charge transfer from phenol to nano-cage 
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Fig. 3 The optimized structures 
of and the density of states for 
pure nano-cage (a) and phenol 
molecule interacted with 
Al12N12 with an electric ﬁeld 
(b) 
is about 0.11 el. The charge analysis demonstrates that the 
bonding character of the Al atom is changed from sp2 to 
sp3 with a charge transfer from phenol molecule to the anti-
bonding orbitals of two Al–N bonds in the Al12N12 nano­
cage. To further study of the adsorption behavior of phenol 
molecule upon the electronic structure of nano-cages, we 
analyzed the DOSs for phenol adsorption on C24, B12P12, 
B12N12, Al12P12, and Al12N12 surfaces (Figs. 1, 2). The 
results indicate that the DOS near the Fermi level is not 
affected via the phenol adsorption for the most stable state 
on the wall of Al12N12. Hence, the Fermi levels of pristine 
B12N12, Al12N12, and Al12P12 changes from -4.39, -4.55, 
and -5.10 to -3.98, -4.11, and -4.64 eV for C6H5OH on 
B12N12, Al12N12, and Al12P12 complexes, respectively (see 
Table 1). These results indicate that a moderate hybrid­
ization has occurred for all systems. We also explore the 
adsorption properties of phenol molecule on the exterior 
wall of Al12N12 (the most stable conﬁguration) using an 
external electric ﬁeld of 200 9 10 -4 a.u. (EX = 200). 
Under the electric ﬁeld, the values of interaction distance, 
geometric structure, and adsorption energy have very large 
differences. In the most stable conﬁguration, the Al–N 
bond length of the pure Al12N12 changes from 1.89 A˚ at the 
zero ﬁeld strength (EX = 0) to 2.08 A˚ at the ﬁeld strength 
of 200 9 10 -4 a.u. (EX = 200) for C6H5OH/Al12N12 
Table 1 The obtained structural parameters for phenol molecule 
adsorbed on various nano-cages 
Property d (O–H) d (C–O) d (C–C) C–O–H 
(A˚ ) (A˚ ) (A˚ ) (°) 
C6H5OH 0.969 1.369 1.399 108.86 
C24/C6H5OH 0.970 1.368 1.399 109.73 
B12N12/C6H5OH 0.974 1.417 1.388 111.55 
B12P12/C6H5OH 0.973 1.366 1.399 109.67 
Al12N12/C6H5OH 0.986 1.418 1.390 114.33 
Al12P12/C6H5OH 0.975 1.416 1.389 112.83 
Al12N12/C6H5OH – 1.322 1.419 – 
(EX) 
Expt., Ref. [11] 0.957 1.374 1.393 108.7 
complex. The bond angles of Al–N–Al and N–Al–N are 
changed from 86.5° and 95.5° in the perfect Al12N12 to 
93.2° and 88.4° for the phenol adsorbed upon Al12N12 
nano-cage at ﬁeld strength of 200 9 10 -4 a.u. (see Fig. 4). 
Under an electric ﬁeld, the C–O and O–H bond lengths for 
pure phenol increased to 1.369 and 0.968 A˚ , respectively. 
Whereas for C6H5OH/Al12N12 complex in the presence of 
an electric ﬁeld, the C–O and N–H bond lengths are about 
1.322 and 1.02 A˚ , respectively. The average values of the 
C–C bond, near the –OH group of C6H5OH, has a 
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Fig. 4 The HOMO and LUMO 
for an isolated C6H5OH 
molecule, an isolated Al12N12, 
and the interaction of C6H5OH 
with Al12N12 nano-cage at the 
absence (a, b) and presence (c, 
d) of an electric ﬁeld 
˚negligible change about 1.40 A in the pure phenol and 
1.42 A˚ in the C6H5OH/Al12N12 system (EX = 200). 
The adsorption energy and the interaction distance of 
phenol adsorbed on the nano-cage under the electric ﬁeld 
are -3.16 eV and 1.58 A˚ , respectively, and about 0.29 el 
is transferred from C6H5OH to Al12N12 nano-cage. This 
large Ead value and small interaction distance show that the 
phenol molecule undergoes strong chemical adsorption 
onto the Al12N12, which is mainly electrostatic in nature. 
The adsorption energy of (C6H5O–SiCNT) system calcu­
lated by Zhao et al. lies at -1.617 eV with the distance of 
˚1.70 A [23]. In C6H5O/Al12N12 system, NBO analysis 
reveals that the point charges on the oxygen atom of phenol 
and the aluminum atom of Al12N12 nano-cage are about ­
0.883 and 1.954 el while the point charge of the O atom in 
the pure phenol and Al atom of nano-cage are -0.686 and 
1.856 el, respectively, at the presence of an electric ﬁeld, 
suggesting a charge transfer from the molecule to nano­
cage. The computed Gibbs free energy (DGads) for C6H5O/ 
Al12N12 complex is -37.82 kcal mol 
-1, indicating that 
this molecule is adsorbed spontaneously. This result indi­
cates that the phenol adsorption under an electric ﬁeld is 
thermodynamically notable. The recovery time (the time 
required for something to resume its former or normal 
condition or state) of Al12N12 for phenol molecule at room 
temperature was calculated according to the formula, 
-1 s = t0 e (-Eads/KBT), where T is temperature, KB is the 
Boltzmann’s constant (8.62 9 10 -5 eV K -1) and t0 is the 
attempt frequency. The results of very strong interaction 
between two species under an electric ﬁeld introduce this 
nano-cage as a sensor that has high sensitivity to the pre­
sence of phenol molecule due to a longer recovery time. 
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Table 2 EHOMO (eV), ELUMO 
(eV), Eg (eV), DM (Debye), EF 
Property C6H5OH Al12N12 Al12P12 C6H5OH/Al12N12 C6H5OH/ 
Al12P12 
C6H5OH/ 
Al12N12(EX) 
(eV), and the corresponding 
quantum molecular descriptors EHOMO (eV) -7.28 -6.48 -6.76 -6.06 -6.31 -4.70 
for C6H5OH interacted with the 
pristine Al12N12 and Al12P12 
ELUMO (eV) -1.30 -2.63 -3.42 -2.17 -2.98 -2.83 
nano-cages and electric ﬁeld Eg (eV) 5.94 3.85 3.34 3.81 3.29 1.87 
affected C6H5OH/Al12N12 DM (Debye) 1.35 0.00 0.00 5.65 7.64 27.62 
system EF (eV) -4.29 -4.55 -5.10 -4.11 -4.64 -3.76 
[I = ­ EHOMO] (eV) 7.28 6.48 6.76 6.06 6.31 4.70 
[A = ­ ELUMO] (eV) 1.30 2.63 3.42 2.17 2.98 2.83 
[g = (I - A)/2] (eV) 2.99 1.92 1.65 1.90 1.62 0.93 
[l = ­ (I ? A)/2] (eV) -4.29 -4.55 -5.10 -4.16 -4.69 -3.76 
[S = 1/2g] (eV ­ 1) 0.17 0.26 0.30 0.27 0.31 0.53 
[x = l2/2g] (eV) 3.08 5.39 7.88 4.55 6.79 7.58 
The inﬂuence of the external electric ﬁeld upon the elec­
tronic properties of the C6H5OH/Al12N12 system was also 
investigated. Under an electric ﬁeld, DOS plots indicate 
that the phenol adsorption has notable effect on the elec­
tronic properties of Al12N12 so that the HOMO–LUMO 
energy gap (Eg) of the cluster has declined from 2.63 to 
1.87 eV (in Fig. 3). The change of energy gap (DEg) of  
Al12N12 onto the adsorption behavior of phenol molecule is 
about 0.76 eV. This result shows that decrease in the 
energy gap leads to higher electrical conductivity. Under 
an electric ﬁeld (Fig. 4c, d), the HOMO of Al12N12/ 
C6H5OH system (with the energy about -4.7 eV) is more 
located upon the phenol and is slightly situated upon the 
nitrogen atom of cluster. The LUMO of this complex (with 
the energy about -2.83 eV) is located more toward the Al 
and N atoms of Al12N12 and is slightly situated on the O 
atom of phenol molecule. Upon this study (Fig. 4a, b), the 
HOMO energy of this complex increases from -6.06 eV 
without the electrical ﬁeld to -4.7 eV with the electrical 
ﬁeld, while the LUMO energy of this complex decreases 
from -2.17 eV in the absence of an electrical ﬁeld to ­
2.83 eV in the presence of an electrical ﬁeld, respectively 
(Fig. 3). Hence, the DOS analysis in Fig. 3 reveals the 
phenol O–H bond dissociation on Al12N12 nano-cage in the 
presence of the electric ﬁeld. The electronic properties of 
the nano-cage have been changed signiﬁcantly in com­
parison with the above results. Moreover, under this elec­
tric ﬁeld, the DOS near the valance bond has a distinct 
change compared with that of the pure Al12N12 nano-cage, 
so that an electron state appears at energy level of ­
4.70 eV (see Table 2). The large difference in the Fermi 
level of Al12N12 increases from -5.59 to -3.76 eV in the 
Al12N12/C6H5OH complex. The Fermi level of Al12N12 in 
the presence of an electric ﬁeld is noticeably shifted to 
lower energy of -3.76 eV which is larger in comparison to 
the Fermi level shift in the absence of an electric ﬁeld. As 
shown in Fig. 5, the calculated molecular electrostatic 
potential (MEP) maps demonstrate that the positive charge 
(blue color) is located on the phenol (–OH group) added to 
Al12N12 in the absence of the electric ﬁeld. Whereas the 
interaction between two species represents that the nega­
tive charge (red color) is located on the –OH group of 
phenol in the presence of an electric ﬁeld. 
Electric dipole moment 
The size and direction of the electric dipole moment vector 
are altered under an electrical ﬁeld when a phenol molecule 
moves up on the sidewall of Al12N12 nano-cage. The results 
of the electric dipole moment (DM) for single species and the 
most stable conﬁgurations of the considered complexes 
indicate that during phenol adsorption for all complexes, the 
electric dipole moment increases with electric ﬁeld strength 
(EX = 200). The values of dipole moment (lD) under  an  
electric ﬁeld in pure Al12N12 increases from 0.00 Debye 
without electric ﬁeld (EX = 0) to 19.13 Debye with electric 
ﬁeld. Under an electric ﬁeld, the dipole moment for the 
applied parallel electric ﬁeld (EX) changes from 19.13 Debye 
in the perfect Al12N12 to 27.62 Debye in the Al12N12/ 
C6H5OH complex. On the other hand, lX for the applied 
parallel electric ﬁeld increased from 19.12 Debye for the 
Al12N12 to 26.31 Debye for the Al12N12/C6H5OH complex. 
This result indicates that the polarity of the applied systems 
have undergone changes after the adsorption of phenol onto 
the wall of Al12N12 at the presence of an electric ﬁeld. 
Quantum molecular descriptors 
The best deﬁnition for global hardness is resistance toward 
deformation in presence of an electric ﬁeld whose ﬁeld 
strength is directly proportional to the stability of the system. 
The global hardness of Al12N12 is reduced from 1.92 eV at 
the zero electric ﬁeld to 1.51 eV at the ﬁeld strength of 
200 9 10 -4 a.u. (EX = 200). When a phenol adsorbed on 
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Fig. 5 MEP plots of phenol, 
pure Al12N12, and C6H5OH/ 
Al12N12 complexes 
the nano-cage in the presence and absence of an electric ﬁeld, 
a decrease in global hardness leads to decrease in stability 
and increase in reactivity of the system [20]. Meanwhile, the 
chemical potential of cluster is declined from -4.55 eV at 
the zero electric ﬁeld to -5.59 eV at the ﬁeld strength of 
200 9 10 -4 a.u. (EX = 200). The potential ionization 
(I) and electron afﬁnity (A) of Al12N12 are gradually 
increased from 6.48 and 2.63 eV at the zero electric ﬁeld to 
6.92 and 4.34 eV at the ﬁeld strength of 200 9 10 -4 a.u., 
respectively. The global hardness of Al12N12 under the 
electric ﬁeld diminishes from 1.51 to 1.11 eV for Al12N12/ 
C6H5OH complex, with an increase in chemical potential 
from -5.59 eV in the pristine model to -3.76 eV in the 
Al12N12/C6H5OH complex, respectively. The stability of 
phenol adsorbed onto the wall of Al12N12 under an electric 
ﬁeld is more notable than that without an electric ﬁeld. 
Conclusions 
To summarize, we performed DFT calculations to explore 
the adsorption of phenol molecule on Al12N12. The results 
demonstrate that phenol molecule can be chemisorbed onto 
the sidewalls of Al12N12 and Al12P12, both with notable 
adsorption energies and charge transfer, which could 
induce notable changes in the structural properties of the 
clusters. We also found that the adsorption of C6H5OH/ 
Al12N12 in the presence of an electric ﬁeld is more sig­
niﬁcant than that without electric ﬁeld, demonstrating that 
the Al12N12 cluster may be more suitable for the detection 
of C6H5OH molecule. The results reveal that the disasso­
ciation of H atom from the phenol molecule on the Al12N12 
take place in the presence of an electric ﬁeld, which is very 
useful to initiate some catalytic reactions. So, Al12N12 may 
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be a promising candidate for the detection of toxic phenol 
in the industrial applications. 
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